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(54) SEMICONDUCTOR DEVICE AND ITS FABRICATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce line resistance, 
connection resistance and interconnection capacitance 
while enhancing electromigration resistance by 
preventing diffusion of copper even if an interconnection 
trench and a via hole made in an insulation film are 
directly filled with a metal principally comprising copper. 
SOLUTION: An SiN film 406, a BCB(benzocyclobutene) 
insulation film 407, an SiC film 408, a BCB insulation film 
409. an SiC film 410 and an Si02 film 41 1 are deposited 
on a Cu interconnection 405, a via hole 413 is opened by 
selective etching (d) and then an interconnection trench 
414 is made (e). Subsequently, a Cu seed film 415 is 
deposited by MOCVD and a Cu film 416 is formed using 
the Cu seed film as an electrode (f). Excess Cu film is 
then removed by CMP, a Cu interconnection 417 
connected with the Cu interconnection 405 through the 
via hole is formed, and then an SiC film 418 is formed 

(g). 
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(54) Bmo«»] *^£»:fe<ktf*<&8St#i£ 



(57) [Sift] 

[tfft^fc] Cug£i»4 0 5±{C X SiNg4 0 6, 
BCB nyf» fteSK4 0 7, S i CR 

4 0 8, BCB|£ijS4 0 9, S iCR4'10, SiO 

/u4 i 3$r^PL (d) % ffij»at4u 4zm&-rz> 

(e) o MOCVDj£l:J;*)Cu^KK4 1 5 'Sr*8( 

(f) o CMPICiOAJWOC uKS:lfc*L,"t\ fcTT* 
-/^Sr^LTCuiB«|4 0 5 lc»»SttfcC uEI»4 1 

7$r^j5jcL^^, s i c^4 i s*r*&-rz> (g) . 




024) 



401 , 403, 407, 409 r?X-r ft&BCBfefitfll 
402,404, 406,408 , 410.418 SICK 
405. 417 CuGtt 

4ii w*>m<tm 

412,414 Ettl^y 
413 kfTtfc— ;W 
416 Cu>-K* 
416 >vWu« 



1 

mm. 

5HhK*K&M *±&.$rb-rz> &m&mm* bttz&m 

if s^s V *s ? n T'x >- fc 5 V M4-t <k 
Tt&»m&fr& Ltl^r i: £#{8 & -f 5 fit 1 Ett 

[is*^4] fifiteM^y rjfe^K^, s i N*7ti4 

S i C<m>1^;Wc4oT^f£$;ft,T^3c 

14. lftfEB2i®l4 N 4>ft< <h tJSBS:*o4UWlfflS#;i5SMO 

cvd (^ra&jsfb^tifigs) teic^flgfiKstt-c^ 

B. * . 

iis*^6] (i) ^mwm^tm^n^n^zT 

(2) SJIfE^riaH^^ite^SriS^Wlc^s/^v^* 

(3) Wf2#«i«^iffe^K^ii:^te-f S«t S3 

[SSJ#JS8] l!«ri5S& (3) axaicfev^tt, 

t tJSSxs<o?I]«slc^^v^■T:w«^«:SrW«m^6^^:•r5 

MO C V DifcK 4 o T«3 t rs&JKKi&MtfSrJi 

[is*«9] mtzm (3) <oxm»4. ^«^«:srai 
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%Ifitt5MOCVDi!fel:J:oti?:±^i:t5f 
l<0&KIE&#£i£Slf-£Jft^xm<!:. t%W\^(OT.m 

xB&zti-tttittmmKD&mtiimtzmMt i^xnom. 

v*mc£-?xm&3ii&ftb-fz>m2<K>&mtiii&tt 
zmm-rz'&^niLUk&SAsx^^z t t -r s 

I^MlOl MOC VDSj|c4o-C/&il<**T,58tJ!2 

70 ^8£fcl4 9fS«cO^<«$Bro§a£;«fc. 

[g»#>Si i] fitrtsm (1) BiJfESB 
(2) roXg(C$fc:£oT, S5l2^^^if6^±^«l 

a«&^4r«ia-r^xs2jsf«o$*t5 r t *mmt-rz> 

[0 00 1] 

w&jjm\zMv. $e 3 i^i¥u<i4. &mm\c#m&#i- 

[0 0 0 2] 

[fi65l5<oaW] t*3K. ^IiI!S<Dgai»$t^lc»4T/W5 = 

(a i ) t, u< i4A i smmto xxfsii&m 
W)(oi&mma-i^]) a vSffbK (s i o 2 ) **i£<fflv> 
e>ti-C#fc„ L*>U l s i oJSiW^^iifTl-^vv ie 

i»«fet<0{g;^(0?t«)l-iEi»ttlcl4^ (Cu) KJ»(8J 

m&.(nm$L<DtL tf> ic i2«apn *j 4 x/mmm m <r> mmm\z 14 

30 ffl$tu54 plw^oT^fco LtJ^L, CuSr^^ir-T 
5ffi^tC*3V^TI4, -Vyri^ (S i) i0 2 Srl4C 
«)t-f--5iffe^+lCj=ft5Cu(Ot£«^A 1 <t0 tit 
h7>v ? *:J'S:l4C«>£-J-S->y 

c u<o^ffljcfit»:*i»ih-r5^<y rmzm 

[0 0 0 3] [6§3fc0ijl] «TI-. Cul(OTIfc'J:t; 

{BSffiSrcu^i£ts:i»ii: t^yr) f&t Kzmttimxsg. 0 
tomtosi'&jjmiz^-xtstw-rz. 11714, ate-aaic 
<w fflv^ixs^^v-ffifig^iei^cDiijig^ffiSr^-rxsiiiPi 
rowrffiia-rfoa. ->y =>s^5 0 1 ±ic->y = vgfft 

15 0 2, V y => ^®?^ft:l (S iON) 15 0 3, -> 
y =>®S{t;l5 0 4«rMSJ!klteSL, v- y => 5 0 

4, ->y =^K^k^5 0 3Sr]lS?6<]lzl^*L-CK«f{t 

^JKfig't-s. ±®»cigt^t±w/^ y 0 5 tc 

uKitaU {^S!«iS (Cherai ca 1 Me 
chanical Polishing: CMP) Ci 
■oX&fflfcC uf&io&Xf'* y 715 0 5i*LTCuE 
«15 0 6*Bf&-rZ> [0 7 (a) ] „ 
50 [0004] SclC. TJSOC u!2*l5 0 6Wffl«)ii*tt 



'>ya^»ft«5 0 8, ^y^^^^JK5 0 9, > y 

av»fti5 i o^m&itJSL CH7 (b) ] , *<oj- 
ictrr*— yu»rt««icBiip -5 us** MRS l l 
&mi8.-rz> tm7 u) ] . titu^ hisi.it 

510/^a i'g&SfbffiS 5 0 9, ;> y a >-g${fcfig 5 0 
8*rlBte3iy^^Lfctt\ i^^ hJ85 1 i«:Bfc*i- 
S:t-e^r*-/U5 12t»«fS [B7 (d) ] o 

[0 0 0 5] >g£{fclg| 5 1 0 ±.\C$mmM 

fiK««^BBPSr*i-5 l*"^* MR5 l 3«r»j£L IB 7 

(e) ] , l/^ HR5 1 3Sr-r^|:i*ttxyfy 
^«:?ToTE*j»5 1 4K«atS->5 ^>S?M5 1 
0*:»*i--6. ttt, 1/^M513^U 
fft, f T*-/U5 1 2(OJStCS>^^y TJK5 0 7 fccc y 
f-V^i LTJ£gB(- C u Lfc ^T*-/u&®ric 

t5 ffl7 (f) ], fttc, dG).£*Bil^ **tt<D/< 
yrK5l5Mlil^, *'<y.j'&lcJ:«Cui/- 
KWtWLwftSrWSi: Ltt»/y*tSetCjulrll 

aLTcui5 1 6 cay (g) ] o 

3M*Cu«5 l 8*J:lftMI4/<!l7*5 1 5£(&:£L 
t, ^7*-;^Cu^7^5.1 7i:©Cu^?^ 
5 1 7|Cj:otTi^CuEjK5 0 6fc»tt$*bfcCu 

^JOSQ : (Hhf ac ■ tmvs) - 
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7^5 1 9«rrt«t5 [07 (h) ] o 
[0 0 0 6] W±CQXJMICJ;«9, Tffi, {RUffi^ <t t/_hffi 

I£«f*5 0 6 t. Cu/7^5 17joJ:t;CuiEil5 18 

10 ttmtftmM&T'hZ?-? > (Ti) .9^9* (T 
a) , 9^if^^ (w) ftt^&JR:fc£tf^<Dg{bife 

<b*t5 0 ft*3, :oJ: Sft^s/^tftftoMEtt**-*- 
a*«f«3efili, «itf»Wl 1 - 1 8 6 2 7 4^ 

[0 0 0 7] [«*W2] iiBLfcJiS'lc, Vvis^m 

igo c u 6KB, y r m± e * '< 

[0 0 0 8] 



CH, 




CH, 
11 

CH 



CF, 



HjC— Si— CH, 



CF, 



\ — o o— / 
C§ Cu+^c-si-c^khQVQch 

CH, ) O O ( 



CF a 



CF, 



(Cu (hf ac) tmvs) 

[0 0 0 9] *^6!S*BBP<fB^^>S«>a*S:efeaF^5 
*»i:lt, MOCVDSia^CuMt^SiiT 

^^ri^^/U^uTir^/^Tir KU'- h [hexa 

fluoro-acetylacetone dihydrate (Hhfacs) ] i h 
yU-f^/UV^^ [tri-methylvinylsi lane (tmvs)] h i)* 
6ft5^JjO#J(Hhfac • tmvs) ^8S*P* ttfc. -^aMf^/l" 
^-aT-fe^/UTir h*— b$fi [hexafluoro-acetylaceto 
nate copper ;Cu(hfac)] t V }) * \f ~ J\s is 7 If [tr 
i-methylvinylsilane (tmvs)] frb ft 5 ^flfcfflggffcCu (h 
fac) tmvs SrStffcU SS?3r ^ y T J: 9 KSft > 

*C-C\ Cu(hfac)tmvsCO ISWt^KJSlC J: S , CuSr^ 

[0 0 10] [f£ftft3] ±ftLfc«fc 51:, ©W^lfeilt 



0(2: fC»v^ii«fi««W»l-tt, #*»asfflv*fe 

ttTV>6^ 5 > tfJ^fc^^/^n^fy ( Benzocyclob 
utene : BCB) * y "^-^m^M** £ L Tt# <b*X5 *T 
«K»?-l6»Bl^#a«**t-Cv^s 0 H8»i, BCBiffe 

-K£ 3 0 CCSSKJpJR-rs c t -C^^ 4 M^t^^S 

t \zmm-£5n&z± c zitx b c b t&mmz'&Zo 

C (O^i^feK <t*9^#^>il/6BC BlROW:»«aptt 2 . 
7gg (v-y a ^»{b«Olt«**W: 3 . 8gS) 

[001 1 ] ftffl¥- 8-264962 

^8fe«:fflv^fcBCBl6»BI±lci»«tt/<-y TKSr^-r^ 
5(? dtft< CuE*fc«r»*+5tt«^HI*Six-CV^6 0 f 



5 

»»*=»— ^ >?\^%smtm*m\-^xmtz*£izvk. 

U.T f T*-/w-£Jgj& y Affile J; >) U 
<tt^^y^jSfet^< y {Jfffl L"C B C B WASIBLhl^ 

acme u bs£^j& l r — =. > y lx c u em & 

[0 0 12] 

± 5l^< f y = >®?<bSg«r^P^*6»^i: LtCuffiiSSr 
ffi5fi£-f54a£\ CuIE^Cu7*7^WTffii{R!lg5Ji^ 

/He «t o T C u 5 fc» lz 11 fo -5 — 

sam*!. tr*- yusis*{co. i /i man: 

»200pQ; cmW±-Cfcl9 Q u OjgjnSMi*) 2 *i £1 • 
cm(Cltt5EL.T2«fti±^#V^«>, filSH«KOSfem^ii 

$&mmmm* L&mum\z&)tm.tn.<Dc u 

h Q-v-f' Jfis— ->3 > (Electro — m i g r a t 

i on) iztt-rz>m®m>m< fcs t^5Fnm<> s £i>-5„ 

[0 0 13] &3l$0ij2-CIftBJLfc, MOCVDSiac 

Sttt^DTi©®^, 0iJ;ttfT a^T a N<D*§£-, # 
«^$lffc "C*> 5 Cu (hf ac) tmvsl^^ SitlZy t T a 
SJC&UT, C u/T a fo^VMiC u/T a N|?-B5l£T a F 

**, SS*ffl/i5BPgB-.OS*!)ji^i±lcffinTV^5MOC V 
D Ifelcjt 5 C u ^(DUffl^SrPfitpSEg t 4o T V'fc, 
[0014] — felt*lg-CJi>o B C BglCCug 

*SS{krofc*lC4 0 0 < Cg*<OT=-/ui5^i:/«C-5„ 
t-o;i\ &S^teK«fcoTfl£/£LfcBCB*fefikB|-ei;i: 

l^MIiSJbot. $e>K, 3ftfi-£*fcK<fc5BCBiS&g: 
Bl^li, MOCVD&»C£9CuK&at&fi&:S£-e-.5KS 

[0 0 15] *^^WKlSl±±aiL.fc^Jl5«W<Drai®^ 

zmvt-tzz itfeot, tciMtt, tssim^-cfo 

5 B C B^lCiSgf^KSrMO C VDjfelCi oTJgfig-Ct 
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[0016] 

[iia4:fi?fc-rSfc«><03M9:] ±tScoBW^iS^-f-S)t 

m&xvmifcyvyzm-tz^mftmmzzi^x, Bats 

ft+mKummfskisXtetiiZfrx^-z z t zftwt-rz 

±<D#mmft*&mm\zm*£i$.ftki~z>&m&®ittfr 
bt£&wimM®istix^z¥mftmw.\z*i\,*x. mt&m 
mmft+mmm&y^x^m&mzxftmztvtzist'- 

O C V D ifcK <t *? MtfL $ ix5o 
[0 0 17] 4fc, ±t5,(DB#)$:mi$.-tZ>ttlt>. 
\z£titf. (l) ^*^T-*s^^4x*oJi{cT®ia 

gklgtir^-r^XSi:, (2) *fflE*«Si«^^lfe^* 

mm-. &£Tf/&1ZH. t'T*-^. SrBB^-f 511 
t. (3) fllE*T«iS5^T-|fi»8HciEj»»tt-t--5«t 5 

fc, »*L<«, SillEm (3) OISICJS^TB:. '>/i 
5 M O C V D i£ i o "C M Sr t -f Z> ^JRia^W ?r 

[0 0 18] 

50 5>JltV<5. *^WIC*3V^-CI4, ;wBCB»8iif 



(5) 



H e m<DZfy X-?*\zmA ttl^B C BiS:#5^7 

fcBCB ^OJBsfc^ffili, 4#BB 2000-100803 

[0 0 1 9] X^X^S^j£TI* % #Jx.tf, 0. lg/ 
m i nXm$£*LZ>BC.B*S-?-<D%itm.m$:2 0 0 
U Scfl: 5 0 0 s c cmOHe =*-r l» Ttfx-QRfc 
^l-i^O, 13. 5 6MH z(ORF/<17 — COfP^D$^fc 
->ir !7— -^y K*»5>H e Zfy X-v * K B C B / # 
U 4 0 Ot:(c^n^L/cStS±^y vX-^S^ 
BCB|ft»BIS:rt«S*5. X-rl^B C Bjffe 

m*OJfc««*tt2. 5-2. 6"C*>9, AftE]Rfcfi£»B 
CB*fe»BI«fc 9 t/h*V\ 



70 
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[0 0 2 0] i25fC, X^X-^S^BCBlfi^t^S 
^fe-e»fcBC BlftttBt (8&fi£BCB*fe«R) 

X^X^fi^BCBjfe^OtSig^^fi^BCBite 

"fcix-CV^dir^aBSttS. X^X-^fi^BC Blfetlk 

[0 0 2 1 ] 
[ft 2] 



(X?X^fi^BCB*&jgUBIO«£) 



[0 0 2 21 16^ ^7X-vS^BCB|fe^<D{g;C 
uttftttSr/f:tS IMS7 p n7r^^S:^to S i S£ 
±{cX7X-rS^BCBjffejg:^S:0. 3 /x m<£>R/¥lC/£ 
8SLfctg> *T«««t#Cu(hfac)tmvsS:fflV^fcMOCVD 40 

9 CuEISrO. 2/xmJPJC/£jBIU 4 0 0 e CtCT 
7#IBlo}RjB ! aSrtfofc 0 UbiifcKWcov^S i £ 
Sffiil^ib S I MSjgiJ^^rfTo^o Jfct&OfcafrlcS i 0 2 

(OCu^SSlilO 16 (a.toms/cm 3 ) J^T^fo 

srt^asnsti^, s i o 2 os^Vcii. roa 

Wit, X^X-^&jci^BCBiffei&jK^^lC^O. 



[0023] mzwkMtemt^mmh<D&m&<ommx 

«Et?fc^o Cu £BCBlMfl^0tt*1$l;io^Tl¥tf 

/7XviA B C BfeMlCMOCVD 
SCtCu^Rl, SS3M|iK^=iyff-/ (S 
cotch Brand Tape No. 5 6 ) Srffl 
V>TCu/BCB#®C0^^f4$rl¥<ffiLyto 1 mmX 1 

/r^ M*««:fTofcJS*, v*i"ftoWPHc*5V*Tt>« 
a«*U*»»£*b1\ Cu/BCB*BttiiUSfc«MftS«r 



9 

[0 0 2 4] wix^^jfSmJiC u ±mBCB|fi»B!«rriS 

ts MOC VD&£/JH^TCuOffl#&^*:fTV\ 4 0 
0t-C3 O^falbT^-yut^^, CMP&-C5F«Sr 
tT9Ct-C > BCB/Cuffij^^f^SiLyci^C^, Cu 

u / B C B ^ ® <D «J 3@T 14 f * 7^ < >r * f£ Si ^ P "fe * J H It X. 

*c, ^«Elft«:4 0 O'C-Cl 0«B7^-;Httffi 

[0 0 2 5] MOCVD&ia5^ii/7XvI^B 
* T tH *> 5 Cu (hf ac) tmvs * ix -5 7 y m b S 

JHfrtf&ixa. £<bfC, Cu(hfac)tmvs0tt»fr*ftttHH 

J: 5 ic, c ulftt tr-^glcjLfcixS <t 5 tttt 

m^^-r^mm^i&Bm^n^x. mocvd- 

[0 0 2 6] W±tftWL^«fc^JC > -/7X-7l^BCB 
*fegk&iMO CVD-Cugi: r <b ic J: 

or, ^<y ?/\s<D&mi&m-e$ z>cu\zztTzm 

[0 0 2 7] 

[*J60»J] ^Xvf^BCBjfegKiMOCV 

d - c umt &m&&t>itti*&m<DnMm\z'i\,*x . 

j&L^*«f*:S1K±IC, yyX^BCBttMlO 
lSrO. 6 /x mi?JClt|g-r^ 0 - - -Cte, 0. 1 g/m 
i nTW^^BCB^t^- <E>^{fc2&fi£ 2 00t 
£ L, gftfi;5 0 0 s c c m<DH e 3r-y y TtfXXfrfcm. 
(C&b, 13. 5 6MHzORF/> , !7-(DW$nfcv' 

^ »7 . ^ Krt><bH e X7X-7tf3|:BCB^/v-^ 

«:SM&U 4 0 0 < CicAo?f!\L^S«±^^7X^a^B 

[0 0 2 8] *-<7>_hffil;i, hy ^^/W'>7->-*ria^4:-r 
6X7X7CVDftlCJ;«3S i CKl 0 2SrO. 0 3 
mJ?JCfiK®-T^o -COS i CJBIfl, /7Xvl^BCB 

Stfigr^o £<bt:i, 0. 4 /z ml|WX7X-7t^BC B 
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0 3iim<^SiCil0 4^It5 o I^bS i CK 

i02*3<fctfi04£Si NMlcSHE-t-S- i i>*1ifex 

fc* imi (a) ] o 

[0029] }) yy97 4^£^x&m&J&mzMn* 

^-.y^x^fy^, 0sJx^CF 4 /A r /0 2 ^^t- 
TS iCil04^^ttx^fy^L, £ <b^;L:x-;/?- 
:':/#*£N2/0 2 ^t::^^9#;iT7;*- h hfll£ 

70 0 7fc»rili-5 0 ww*"C, N2/O2 

^#*Ti4, s iciio2isj:r;io4iix 7 f>'^ 

£*t/«£V>*:#>, 7^hi/v ? ^h^lc!»^^n5fC 

4x6 [El 1 (b) ] o 
[0 0 3 0] Z<D±mm\C, MOCVDSlCtKul 
1051:0. 6 MmgCMt^c StRi&S 
£ 1 9 5^ ITMOCVD-CuiMfi^t/i: [El 

1 (c) ] „ 4 0 0t, 2 0#<DCum<Dl££k{tT^- 

/\szftiiz'&, cMP\z£-DX&mm&>ft<o&mtecu 

20 £(&£L, CuEiRl 0 8&J&&-tZ> 0 ZCDCMPX 
14, v-y* (S1O2) tr^dt^&reVMMlcilKft 
*3f (H2O2) .«r»^LfcW*»« U7 5-) &fflv^ 
fc Q ww-C\ Cu(7)CMPI^^t, ^^X^S^ICT 
MStlfcBCBlfe^^MOCVD-Cu £ <0«»tt 

J4+#ii5<, Mtfit^asfi:: bfcv^ iMWBSixfc 
[01 (d) ] o /7Xvl^BC Bl&IKIR 1 0 

6 4:0. 4 /zmtDff£K/£K-f 5CtT\ CuSlfiMMfi 
^J:i;±S^y7X-el^B C B&»mxmt>tlZC u 
KiSSl 0 8£*#£ [Hi (e) ] o 
J0 [0 0 3 1 ] K±©.iaCJ: 0KIPHO. 2 

ni0mmfi(OEi||»SMU 4 0 0ttl0^ 
<E> r --/u £fr o fc & Ei»ra y - * ttSE £ L fc <!: 
C^10- 9 A/cm 2 gI^fi<, r = -/U«tCt>+» 

^mi4^<y 0. 03|iml?WTa/TaNl 

2. 5mQ • cmd>?>2. 0 /i Q • c m~v£*$2 5%{g: 
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Eftm&MgJ&Stlft. ■ fflU rG>»*CuElft2 0 9 
<Omffi\Z\* s xy^ F^iTfoSS i CR2 0 2** 

#ftl-6*s. sicitsn/i:Culil:S/<y7^ti 

tfE««aS*CT a /T a NK*4>iKtttt4>Wttt'< !> T 
Ko#«EU*v^CuE»«3B3fts***ixa [0 2 

(g) ] o 

[0 0 3 6] K±OIli:j:9RIIH0. 2 8MmtB8 
t5 1 0mmg<DEi®*t£^fifcU 4 0 0t-C10W 
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